'21 Korean Journal Of Agricultural Science

) |

Check for
updates

& OPEN ACCESS

Citation: Lee I, Kim HS, Nam MH, Oh SK.
2020. Effect of cold storage method for
‘Sulhyang’ strawberry mother plants on
mother plant growth and the number of
runners and daughters. Korean Journal
of Agricultural Science 47:625-632. https.//
doi.org/10.7744/kjoas.20200050

Received: July 20, 2020
Revised: August 03, 2020
Accepted: August 03, 2020

Copyright: © 2020 Korean Journal of
Agrcultural Science

This is an Open Access article

BY _NC distributed under the terms of
the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

PLANT&FOREST

Effect of cold storage method for ‘Sulhyang’
strawberry mother plants on mother plant growth
and the number of runners and daughters

Inha Lee™’, Hyun-Sook Kim', Myeong Hyeon Nam', Sang-Keun Oh*’

!Strawberry Research Institute, Chungcheongnam-do Agricultural Research & Extension Services,
Nonsan 32914, Korea
*Department of Applied Biology, Chungnam National University, Daejeon 34134, Korea

‘Corresponding authors: einha@korea.kr, sangkeun@cnu.ac.kr

Abstract

This test was conducted to determine the appropriate conditions of temperature, storage
period, and soil moisture content when using cold storage of potted mother plants of as a
means of sufficient dormant breaking and safe overwintering of the strawberry (Fragaria
X ananassa Duch. cv. Sulhyang) mother plants. In the treatment by temperature for the
dormant breaking of strawberry mother plants, the survival rate of natural overwintering was
91%, whereas the survival rate was 100% at 0, - 2, and - 5°C. As the storage temperature was
decreased, the plant height of the mother plants became shorter which tended to decrease
after planting. Survival of the mother plants was possible at - 5°C, but after planting, the
growth and number of daughter plants decreased significantly. The number of daughter
plants was highest at 22.8 per plant at - 2°C storage. The strawberry mother plants could be
stored for up to 8 months in cold storage. However, when the mother plants were stored for a
long period, the number of daughter plants was small. When they were stored for 4 months,
the growth of the mother plants was vigorous, and the number of runners and daughter
plants was high. When the water content of the soil was less than 10 percent (%, w/w) in the
cold storage of the pot, the survival rate was 85 percent, which was high due to the dryness.
The survival rate was 100 percent at 30 and above, and the growth of the mother plants after
planting and the number of daughter plants were high at 30 to 50.
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Introduction

D7) (Fragaria X ananassa Duch.)= 71| 2to]] &= thdA] 2h=0]H 201985 7| &0 2 ¢
2lufeke] @] AfuiH A2 6,462 ha, AYAFF-2 206,000 = 0] AJAteio] 12,936%] ¢ 0 = I F
Fol %23 A5 THMIFAFF, 2019). ol A SA4H D7) “d3F (Kim et al, 2006y %
= @) Al WA 9] 87.6% (KREL 2019)2 XFA|5HT Q= U thiE 2|9l X0 2 Ajgo| &
/J5hm Fro] Ll slopR sy} et 2/ Afjulol o5k 27| 4:8ko] 7Hs3lal 48afo] W
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O B0l S57] St Al53Hol oFst 87]oll= 21712 ol A dolut AElago| -2 A
Thst 371 o] o3 ]:E‘,ﬂ:%l:]'(N etal, 2019). ‘A3F F52| Aul Ll = S5 WA 3k 2pA0) 4] &
BollA] B]7HE A o] 835 T E 85 HhA] 0 2 HFHE| 1 QlTh(Lee, 2008; Kim et al., 2012). A F+= SHS] 2

—13

o =)
go] 220 A %Ltﬂ 53] B7]= £5.9] HFo| vl A(Jun etal, 2014) HA] 20| 2] 7|&-S 5t
Sh= Z0] Z- 23 Ck(Jun etal,, 2015).

27) Bi= S ek Al 2o ks o] frio] el ofof o] 53l s et Ak o] o] BA| ETHDarrow, 1936; Pringer
and Scott, 1964). Watanabe ctal. (2000)2 4°C ©[512] #1-201|A] 0-250AIRF 2] 2 217k A ETF 500 150041 A1 2 2173 8
FollA] 1 =Ado] g Finkal Haugick 2 sl 88 7] AEE52] A2 28-/gel tiet Aol B
oIl 5°C oJ3tell A 1,000ARF o Zaket A2 227t e AR By SRIsH9IAL 53] ‘W A2 A{2je] anrt
F2 2108 BuE|9ith(unetal, 2015).
ml=at ol Aol SEe BYIHE 118 Sk 7HA] - 1.5°CollA 71kt A2 A she ol 4
BokEof AL 71 AE= A 122 ol*HEi 19 S Abololl 27155 7HA 6°Colstoll A 2| Agh 480411t
QoF 25| 2 A1t A7HS AW Be) o] gatako] Z7lse 7102 B E 9 CHLieten, 1997). A& HH-S =

o

N

|55 QHdsA| Y 5A1Z rt ofuet A4 Q1 FH efutE tAlsh= Wi o] 7] & Shok(Lieten et al., 2005). 73
| ol A= Z7]oll= A2 A5t A EE o] & &oll AHlishs A 20k AREH HhH S5 f-3ol|A 45
|7+ 785 E o3l 1971A] 76H7] Aol ddA ] W e &2 o]- &5l tLieten, 2002). A& F4F2 1€
F420] A Boll A 71 ggka, A8 A AZko] ZojW4E Fe] #7)7 Fojx| : Wele] el ol
04 th(Palha, 2000).

f2yete] B7) Al s7 e AE 717 eQt 87| B A WA 0 = e x[of| 7HAE S U 7R S A0
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RTESHSE7| B30| 47| A2 A AL Faed7ied 27974 fE2AolA 43851k Al
HEST2 GV FA0NA 5795 E7 V(Fmgana X ananassa Duch. cv. Sulhyang)&- ©]-8-513{ct. A 3ol o] 85 = 27|
=] ZH|5IIcE ‘A ZEQE 119 20291 0.03 - 0.1 mm F+
771]—4 polyethylene d 5ol 10052 %‘—L EJ%QPH %E}AEA Z87H50 X 35 X 30 em)°l] Ho A2 AFa122 X 1.7 X
1.7 m, Geumhonaengyeol ENG, Deajeon, Korea)°l| 2 A5} Th(Fig. 1A and 1B). ©] 5591 2¢ 202 FE] #-2 7o)
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Fig. 1. Cold storage of ‘Sulhyang’ strawberry mother plants and growth during nursery. (A) preparation of
strawberry mother plants for cold storage, (B) cold storage of strawberry mother plants at - 2°C in a cold store
room, (C) transplanting of strawberry mother plants after cold storage, (D) daughter plants growth of 90 days
after transplanting of mother plants.

@] S8 U Al| L

A ET x| 2ol ofux] 3RHE 0 2 AJ2lg 3032E ZANSISITE 88 7|7t & BEel A4 248 AEL ot
7RSS EGEITE g ERA  Helo|E =65 : 17 : 10, Purumi, Seoulbio, Eumseong, Korea)S AF8-5131th AHE &
BE AZEEE FHUS FHPAHCY 327, 68 X 34 X 10 em’, ) (BH]F): 132 mL, Hwasung industries co., ld.
Okcheon, Korea & ©|-8:31{Ch. Mo %217](NMCjunior, Netafim Korea id., Korea) & 0] §:3}0] 5 4] % 15
S HE| FH|E T=H] 5 (N-P-K-Mg = 20-20-20-2, Ferticare, Dofagro, Pyeongtaek, Korea)= EC (electrical conductivity)
06-08 dS-m" H9loIA 212 S8 7|75 FF313Irh 59 A e WAYeHs AR A EE| f2l5t0] 69
5147 ek 27l Y B9k AHE 8912 2+ 51 THFig. 1D).

2 X2 MEEE chigh ZAt

B A 2T AL 2k BE(RERA 2% 1-25°C),0,-2,- 5°COllA 37HLT A2 A2 X 1.7 X 1.7
m’, Geumhonaengyeol ENG, Deajeon, Korea)l|A] 2173511 TH At 252 @7| A4 0] fa| 2 Alof| A 7F2-S 514 &
2 Aol B7| 22 HA B S5 ARKCT 327, 68 X 34 X 10 om’, F-1)(EH|S): 132 mL, Hwasung industries co.,
Itd., Okcheon, Korea)ollA] EZHSIHA] 3= 18] Tpal@iet. Bapo] 27 22 474 7|7hS st sl B3] HAlY
Q139 25U& 7|F 02 oAtsto] BAE|(RIAYE, FEl4 1% 1-25°C), - 2°COllA] 2,4, 6, S7HEZF A2 #4513
O, B3 A2 A4 Al A5 S E 1 s 751 $leto] ZEHO| E £ ESEFS 10 (%, wiw)H]RE 30 - 50,
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600|AFO 2 A ste] 11 S-Eateke 2k o) olato] EQRS 105°CollA] 18A17F R & 7% 1ol o] 2 wirtx] A
ZANA ZFS A Eo| et %z ARSIt B3 A T oodof| 274, A4, TR 27, Aok, B4 AL E X
AFSHATE.

SAEY =

SA 242 SAS =2 T13H(SAS 9.1, SAS Institute Inc., Cary, NC, USA)= ©]-85}] Duncan®] t%73%(Duncan’s
multiple range test, p<0.05)= A A|5FATH

Results and Discussion

M2 Mg 20| e Do W] Sl WES

7] ‘AgF mxo] SHEMIE Qo) AL A o] u}E wEo] et 2 W 2 H LSS XA e
Table 12} 2t} 4] & B0 2742 A4 gt 0°CH 2lollA] BFo] 27o0] 382-393 em® A A2k 2102
Ul o o, - 5°CH]2lofA= 2] T AJ8-2 HAFA 0 2 o] 2ojH oLt 270] 24.1 em2 ZolA| = ZHakS H ek
e 2T TRIZER 2 AL F T 0°CH P ollA 154 - 160702 S71E RE, - s°CA{2jollAl = 102702 4o}
= o= Ueyith #5272 A 453 0°C, - 2°C2H01]A1£ 162-17.0 mm ¥ ¢] o] HEE Ho] 903} 2jo]
Z Ho|x] ekgkort-5°CH 2l A 12.7 mmE ZokA] = 43S H AT Table 1).

Table 1. The effect of cold storage temperature on growth of strawberry mother plants.

Treatments Plant height No. of leaves Crown diameter No. of runners  No. of daughter plants
°C) (cm) (no./plant) (mm) (no./plant) (no./plant)
Control 39.3%a 154a 17.0a 6.2a 14.5¢
0 38.2a 16.0a 18.3a 6.3a 18.8b
-2 30.0b 13.4ab 16.2a 7.2a 22.8a
-5 24.1c 10.2b 12.7b 7.0a 17.4bc

” Values are average of 30 replications plants at 60 days after planting of mother plants.
a - ¢: Means carrying same letters within columns are not significantly different (p < 0.05) according to Duncan’s multiple rang test.

F 2y e 2] B2 62 - 7.071 Hejoll 2Esle] SAIH 02 folxrt gl ot 22| =7t Yol

2 2] B AT} 2ol ATES Ho|thr} - 5°Co Al 7hAstelth ok 2k HRYA T 21 Hhag 2o} npkr}A]

AUl AR

HHH - 2°CH] 2ol A= 228702 Akl LEH ol B3l 157% $E0.2 Z7fslelct AE S-S At

ALF 13101]/\1 91%5 YEPH O}, -2, - 5°CH 2] ol A= 100% S ETHFig. 2). OIL A& Bt 240X 2HA €
=9 5= Zot o] B3 0 2 Qlsto] TARR FHHYSE 7 0 & whokEt
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Fig. 2. The effect of cold storage temperature on the survival rate of strawberry mother plant. a, b: Means
carrying same letters on columns are not significantly different (p < 0.05) according to Duncan’s multiple
rang test.

X2 X 712t0 wE 23R ‘At 2L S AjR Al

H0) 22 A% 717hE Defoto] AAetal RS AR & St 1l 9 AHR WA E 2AFSH A= Table
29k 2k A Al & meo] 272 470 TF A2 7Rt A 2ol A 302 emE A Q= FolobA| =3t Ak EE A
2Joj A= 263 cmz EAZ 02 3-oJ5HA] Wth AL 120- 12.8 emZ X ] 7+9] 3-2J5k 2fo) 7} QiglLt. 4=
A& 2% 717ko] 47§ € Q1 A 7)ol A 260712 A Y5 A 2o} H] asto] 9.3m)7} o Wekar, A2 A% 7]7to] 8
7HE Rl X 2]ol| A 173702 0.6917} o Boko Lt BAIZ Q1 R-o]xk= GAich T 272 A2 214 7]3to] 47l gol]
Al 870 Q1 % 2]7ollA] 203 - 20.8 mm2] W9 = AHA Y5 A2 ETE thA FAR| T A 2Tt F-2)xb= A, A4
A= 271 Z 2ol A= 2H2H 162, 17.5 mmE 7HsA] YERSTHTable 2).

F 2y dA = A2 2% 7]1710] 470 A 2] Foll A 62702 AHd E 53 Bl wsto] 17717 o B Zlo 2 &
A=At g 2R WA= 22 27 717bo] 27l ol A 670 & 712] 23.3 - 26.3702] W9 2 2FA & 5ol H]sl Z7t
ShaL, 870 X 2] Lol| A= 20,97 = ZHasoh= A 0 2 UEFITHTable 2). 0)/d<] Aotz W7 B 870 e7tA| %
717t A& A7go| ks st 717 A Al SH5 717t F BEee] A4 Y] W 2pR o] HAY 4T} Ao x| FAISE A}
BE stHst=r 2 A 02 metEm, 4717 22 2% Al S5 7|75 Bao] ASo] /s gluet AR
Y7L 71 B2 210 2 Yt B7]|= 2571 oAl = 1Y SFE FHol EYsk 1Y S5 7id
HollA M2 F2go] 71 Wk Th(Palha, 2000)= A2 & w, 2 A A7]Q1 38 Sk 7|0 & 4711 A FE

-
1

2 & A7He AAJSH= Ao SH7]of Bo] A8 25w Hifel AR WS Z7MA)7)t) FTHAQl HpY
ofa}a ghekelch,
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Table 2. The effect of cold storage duration of mother plants on growth of strawberry mother plants.
No. of daughter

Treatments Plant height  Length of leaves  No. of leaves ~ Crown diameter ~ No. of runners

plants

(months) (cm) (cm) (no./plant) (mm) (no./plant) o )
Control 26.3b 12.0a 16.7¢ 16.2b 4.5b 20.4b
2 28.4ab 12.1a 21.6b 17.5b 5.6ab 23.3a
4 30.2a 12.6a 26.0a 20.8a 6.2a 26.3a
6 28.5ab 12.0a 19.2bc 20.3a 5.2ab 243a
8 29.0ab 12.8a 17.3¢ 20.4a 4.9b 20.9b

” Values are average of 30 replications plants at 90 days after planting of mother plants.
a - ¢: Means carrying same letters within columns are not significantly different (p < 0.05) according to Duncan’s multiple rang test.

N2 ME A ES(ME) sEEE 2 2o Mt 2L U AHE Wiz

EEH B3 AL A A EFIE) ol mhe 2] et /iy Bl AR B4 Table 33} 2} &2
|=|

A]
15% +E0 2 FosHA| &2 235 2o B A2 A% 7|13t S FEe] a2 ol 2ol 27l nx|=

QJako] 2 2002 Lrhith A4 958 - 124702 X2 7 ko] 2fo]7} QIR T AAE 4] 126 162 mm
e} 7 7ke] fofdt atol7t gl A 0.2 Selu Qe F 2 WA AR o] 4-E83F0] 30- 502 1] 8372
AT 2uate 100]9H Y 600l 433} Bl Talo] 217} 53, 30% $E0.2 Z7feks A0 2 Uehgrh 29 AFR Wi

AE O] £ B35EEF0] 30 - 50 (%, wiw)Y W 21 270 2 A& 453k 100w 600 A Tt 2H2) 29, 16% 50 2

Table 3. The effect of soil moisture during cold storage of mother plants on growth of strawberry mother

plants.
Soil moisture Plant height No. of leaves Crown diameter No. of runners ~ No. of daughter plants
(%, w/w) (cm) (no./plant) (mm) (no./plant) (no./plant)
<10 24.7b 9.8a 13.0a 5.4b 16.4c
30-50 28.9a 12.4a 16.2a 8.3a 21.2a
> 60 25.1b 11.4a 12.6a 6.4b 18.2b

” Values are average of 30 replications plants at 90 days after planting of mother plants.

a - ¢: Means carrying same letters within columns are not significantly different (p < 0.05) according to Duncan’s multiple rang test.

Lo YEE-L2 FEL| £E3TF0] 10 (%, wiw)P|RHY wf 85%2 71Z0)] oJgt TARE0] &3ka1, 300) ol A=
AYZ-80] 100%S LFEFHCHFig. 3). Park et al. (2019)2 J YA 501 “AF @] 3= g ER A9t Helo|ES 7
3 (vv) QB EHF A E S 8L EE TS = APESE A E S0 FEslloy R AREE 1EE
uf 57%2 ZH5H= Zlo] Zglsithal B 15kITh 5t Raviv et al. (2019)2 SH43FS T H2 A2 4]
SHH 7EA ik ERF] ol A7ol Aalid 4= Atk B st 9]9] Auket fAKSHA| & Aol A & B A2
A% 717 S E Q] o] B | 9 SR Y] et AHR HA 4ol 2 nX] Ao & whkE|, 4
E SEERFo] 10m]9hY wff Bao] AJEgo] #A|stA| ol i Bao] gt 71 9 Ak HHYEFE A 5HA|

Zaske 2o tepet
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100.0
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Survival rate (%)

<10 30-50 =60
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Fig. 3. The effect of soil moisture during cold storage of mother plants on the survival rate of strawberry
mother plants. Means carrying same letters on columns are not significantly different (p < 0.05) according to
Duncan’s multiple rang test.

oj/ge] AxtE ‘U @] B0 T BlukS ot ZERH O] X2 A 2212 25 -2°C, A7 717 47H o) 7h
& Aot 202 FRIE|Ql, A2 A M MEH O] FJE SEFRFL 30 - 50 (%, ww) Y o AHA Lol ] =
T 5ol FESRAL, AR B 5-50] T7tE o] sTtolM A2 AF IS Egelo] 802 RS dF Al
24l or wekd

Conclusion

2 A A 2] St F elutel gt dsS fet Wo R RE QO] B AR A Al 25, 7|F
JE 28 208 sk flste] 4-3sigint. B7] 250] i eluts 915k 2= X2 A At e 52
£0] 91%<1 8l /sl 0, - 2, - 5°CollA= AEE0] 100%ATh A 227t F2pE g4 & Bpo] 27| 2o}
78I, - 5°Coll M e 0] AJFo] keIl ot A & S AR A7 A SHA| sk Tk A
P4 - 2°C Aol 3 28712 71 Wleh 230 22 A4 717+ 8717k 717 #17d0] 7Hs3|

71ZE A% A AR A7 A AL 47N DR A Al Bee] Aol /dsh AU o AR AT Bt 2
B3 A2 A A R 22 10 (%, wiw)P T o] AE-80] 85%= 7150]] oJ 9k AARE 0] E4AT, 300]
Joll A= AEE0] 100%A 21 30 - 50 (%, wiw) & T 5= 7 A A8 Sl AR A7 g2 210 2 Sl =i,
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